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II INTRODUCTION

Sheet and plate metal form an essential and integral part of major
structural components and assemblies in space vehicle stages. Use
of unsound material could seriously Jeoperdize flights because of
unreliable strength assumptions. Lack of soundness becames more
acute, or actually begins to exist, as & result of working the mate-~
rial. Therefore, methods for detecting and locating surface defects
are required in the preassembly phases of stage fabrication.

Methode presently used include flucrescent dye penetrant, visual in-
spection, and others of lesser popularity. All of these methods are
time consuming and are quite subject to human error. Further, the
dye penetrant method, elthough comparatively accurate, adds & clean-
up problem in the removal of the dye; this is especially difficult
in small cracks and becomes critical vhere "lox" cleanliness is in-
volved,

Ultrasonic methods of inspection have become fairly common in recent
years. Work has been done at MSFC which demonstrates the accuracy
and the reliadbility of weld inspection by ultrasonic methods, and

6 also demonstrates unique capabilities not possible by other means.
Generally, these techniques use a shear wave approach. An angle beam
shear wave method has the characteristic of probing through the mate-
rial of a plate in a zig-zag path along the plate, alternately reflec-
ting from its two sides. Thus, both sides may be scanned in one oper-
ation. 1A shallow crack at one side would form a corner reflector;
the material surface acting as one face, and the crack ag the other
face of the cormer reflector. Both flat plate and contoured plate may
be inspected by this method. However, the operation of this method
may be seriously complicated by irregular geometry of the opposite
side, or by attachments made to the opposite side. It is in such
cases that the use of & surface wvave method has a distinct advantage.

Unlike shear wave propagation as described above, surface waves pene-
trate only to a very limited depth into the material, and travel

along the contour of the material until interrupted by a sharp change
in surface direction. A natural edge of the material or a very shallow
discontinuity in the material would present such a change in directiom.

Surface wave pm}a.gation requires a material thickness of at least ome
wavelength of the surface wave. Thinner material will not support
surface wvaves; instead, the thinner material would cause Lamb waves

t0 be generated. Propagation of surface waves is only slightly atten-
uated in aluminum having smooth faces. These characteristics make the
use of a surface wave method especially suitable for the inspection of
large areas of a single surfece of either flat or gently eontoured

: ‘ alumimm plate. ‘ N
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III SCOPE OF WORK

T™is is to consist ol a study to determine the feasibvility of using

an ultrasonic surface-wave inspection system for saturn stiructural
components. This stady should include an investigation to determine
all commercially available ultracsonic surface-wave equiprent whicn could
be applicavie to this task.

If the surface-wave inspection technique is found to be feasible for
1se es descrived aoove, investigate the feasibility of designing an
automated scanning system for parts generally of formed panels
approximately 10 fzet square in the thickness range 0.091 to 1 inch
and contoured to approximately a 33 foot spherical diameter; and
specifically, parts in the size and shape of the Saturn $-1C-T gore
segments (MSPC Drawing J-60B12102). .

The results of both studies will be combined into one final report

and submitted to MSFC. This report shall include findings, conclusions,
and recomendations tased on the studies. The report shall also

include drawings and sketches illustrating a sample system vased

on data from the studies.
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Step 1 -

Step 2 -

IV DETAILED WORK PROGRAM

Application Feasibility:

Tre contact angle bean surface wave search units «will be

used to determine their applicability to the detection of the
required surface discontinuities. Fraquencles of 1.0, 2.25,
and 5.0 Mc will be used on rav and worked matal at Satum
fabrication sites.

Reference Standards:

Refefence plates of naterials to be surface wave inspected in
the Caturn assembly will be selacted from triwied raterial at
the fgbrication sites during Step 1. quare edge notcaes of
four different depths will te machined iato these plates

to provide reproduciltle, artificial surface wave reflectors.
Depths of the notches will be adjusted to slmulate

signal amplitudes found in Step 1 at the apprdpriate test

frequency.

Study of Waves Generated by the Variible Angle Wneel
Search Unit:

Three standard side angle variavle angle ultrasonic wheels will
be rodified to provide the test frequencies of 1.0, 2.25, and

5 Mc and optimized for the production of surface waves. Distance
amplitude curves will be taken on tae surface wave reference
plates produaced in Step 2, to simulate surface defects at differ-
ent test distances.

During the application feasibility study (Step 1), it may be
found that there are inaccessible surfaces opposite the test
surface which cannot be readily inspected by surface wave tech-
niques., If it 1s desirable to inspect these surfaces, we will
study angle beam shear waves generate@ by the variable angle
vheel search units at 1.0, 2.25, and 5 Mc test frequencies to
determine optimum beam angles for this inspection. Amplitude
distance curves will be made.

Step 3.A. - Alternate Study of Randomly Oriented Surface Defects:

It is believed that during Step 1 we will find the defects orien-
ted in one or possibly two directions. This condition will permit




detection, location, and measurement of these reflectors by one
or two inspecting passes with the variable angle wheel search
unit. However, if defects of random orientation must be found,
nuperous scans of the material would be required to provide
complete coverage with the established surface wave beam.

In order to avoid multiple scans at different beam orientations,
we will cdevelop a special ultrasonic wheel which will radiate
surface waves in all directions from its contact position on
the aluminum. This 360° surface wave generator may be accam-
plished by using a circular crystal with a conical reflector

or refractor. The conical angle would def@ect the beam to the
appropriate incident angle to produce surface waves while the
cone would spread the beam over three hfindred sixty degrees.

A scanning system using this wheel might be gated to inspect a
ring of surface around the wheel as it travels across the sur-
face. For example, gating from 4 to 8 inches fram the wheel
‘eenterline might provide inspection of an 8 inch I.D. 16 inch
0.D. BIng.  Parallel scans at 4 inch increments would be re-
quired (for this example) to provide complete mspectlon for
randomly oriented surface defects.

Distance Amplitude Correction, Gating, and Recording:

The DAC module will be used to determine the width of the test
swath whith can be taken ecross the material with one pass of
the ultrasonic wheel. The DAC module permits correction to
equalize signal amplitudes fram equal sized reflectors without
e change with distance. This in turn permits the use of long
gating periods with the assurance that minimum triggering re-
flectors will be of equal size and will not vary with dis-
tance.

Recordings of the reference plates will be taken using DAC
and the long gate vith a manually moved Ultrasonic Wheel.

System Layout:

A surface wave scanning system layout drawing will be made. The
shapes of Saturnf®structural parts and the orientation of surface
cracks on these parts will to a large extent determine the com-
plexity of the scanning system. System design will be carried
to a stage sufficiently advanced to permit our estimation of the
cost of the final Surface Wave System.

-l
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V WORK PERFORMED AND RESULTS OBTAINED

Step 1 - Application Feasibility

Visits were made to Huntsville, Alabama and to Wichita, Kansas
to gather information on test variables which migit affect the
surface wave study, and to survey typical plate specimens to
be inspected.

Seven surface vave test plates were requisitioned. These represent
specimens in two aluminum alloys, in several surfa.ce finisnes,
and in a variety of thicknesses.

Upon receipt of the first of these specimen plates in Danbury,

contact tests using wedge type surface wave search units were

conducted to determine the feasibility of generating and re-

ceiving surface waves in the material. At 1.0 Mc, 2.25 Mc,
. and 5.0 Mc results indicated that true surface waves could

be produced in-the specimen material and that effective testmg

for surface defects could be accomplished by hand scanning.

An ultrasonic variable angle wheel search unit was then applied
to the same specimen and was adjusted to generate a surface wave
at 2.25 Mc. Results of this test agreed with those of the wedge
type search units. The ultrasonic wheel search unit is ideally
suited to automatic scanning since it easily adapts to changing
gsurface contours, uses a& minimum amount of couplant, and will
perform rapid testing without appreciable wear.

In consideration of these results, the variable angle wheel

type search unit was selected for further tests on the specimen
material. Additional variable angle wheel search units in
frequencies of 1.0 Mc and 5.0 Mc were prepared and made available
for the project.

Step 2 - Reference Standards

Seven test plates, designated "A" through "G" were delivered
to Sperry Products Co. in Danbury, Conn. for use as laboratory
specimeng for the project. Basic dimensions, composition and
surface finishes of these plates are given in Table I.



Spgrr
TABLE 1
SURFACE WAVE TEST PLATES
2219-T737 Aluminum Alloy Flat 24 x 30 in. Plates
1/4 in. Thick Except As Noted
Surface Special Feature Source
A. As rolled Trimmed material per NASA
BMST7-105 ) Boeing,
. Wichita
’ B. Mill, sand & .010 in. taper per inch NASA
Alodine from .600 at one 24 in. Hunteville
long edge to 300 at the
other edge.
C. Mill, sand & .010 in. taper per inch NASA
Alodine from .350 at one 24 in. Huntsville
long edge to .050 at the
other edge
D. One side chem. Surface conditions ~JAsA
milled, other Huntsville

milled & sanded

2219-T67 Aluminum Alloy Plat 1/4 in. Thick 24 x 30 in. Plates

E. Milled & sanded Surface condition NASA
over-all, 1/2 Huntsvijle
of the length
Alodine

F. Mill, sand : Thickness variation NASA

' Hunteville

2219-7687 Aluminum Alloy Formed 24 x 30 Section of Gore Segment

G. Final finish Contour NASA
Huntsville

e ———

Figure

No.
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Step 3 - Study of Waves Generated by the Variable Angle Wheel

Search Unit

Work under this step, using variable angle wheel search
units waee divided into the following three parts.

A. Determination of conditions required for optimum
generation of surface waves in specimen material.

B. A study of wave types genersted in specimen material
vwith special attention given to identification and
comparison of surface waves and lamb waves.

C. A study of surface wave propagation in specimen
materials.

Step 3part A

1'

Sufface waves, produced by mode conversion from the longitu-
dinal at an angular interface, will attain maximum practical
emplitude when the coupling device contacts the work at the
incident interface and not in front (beam direction) of this
position. Pigure 8 1llustrates two techniques of providing
optimum surface wave coupling with the variable angle wheel.
Variation of tire contact width or moving the crystal inside
the wheel (simulated in our study by deflecting the tire)
provides equally effective resulis as shown in Figure 9

2 to 2 1/b inch amplitude surface wave signals can be main-
tained by controlling the tire contact width between 1l and

1 1/k inches without side deflection or between 3/4 and 1 1/2
vith the crystal moved (side deflection of tire) 1/32 to 1/

_ inch depending on tire contact width.

The three variable angle wheel search units (1.0 Mc, 2.25 Mc
and 5.0 Mc) were ultrasonically coupled to test plate "AY

as shown iu Figures 10, 11, and 12 and their side angle
controls vere adjusted to maximize the ‘amplitude of surface
wave transnission to, and reflection from a shépp edge of the
plate. In cach test, tire surface contact width wes varied
by moving the wheel axis toward or away from the plate.

The amplitude of the received surface-wave signal and of

the relative wheel axis position (Post Height) were recorded
and were plotted as functions of tire surface contact width.




These plots, also shown in Figures 10, 11, and 12
indicate that the following tolerances in wheel «~

axis to plate surface dislwmee are required for use

of peak signal amplitude and a signal amplitude tolerance

of + 10%:

Wheel 8earch Unit ‘ " Tolerance
Inches, Post Height

| Style | Serl:
50D403 | T-1719 + 0.090
50D34%0 | T-1723 + 0.050
M l T—J.??O + 0.060
2. Burface wave tests were run at 1.0 Mc, 2.25 Mc,

and 5:0 Mc using Variable Angle Wheel Search Units
on Test Plate "E" to determine angular tolerances
required in a positioning system.

The method of tests and the results obtained are shown
in Piguresl3 and 1lk.In each of these tests the
Forward/Backward control was set for a O° a.ngle , the
side angle wheel contrcl was run through its range for
surface wave generation, and the amplitudes of signals
reflected from the notch were read. Incident angles
corresponding to side wheel control settings are taken
from the graph in Figure Te

Angular tolerances required to maintain signal emplitudes
within the top 104 are given Leluw.

Frequency : Angular Tolerance
Me.
1.0
2.25
5.0

Surface wave tests were run at 1.0 Mc, 2.25 MC, and 5.0

.Mc using variasble angle wheel search units on test plate

"B" to determine signal amplitude - reflector orientation
relationship.

The method of tests and the results obtailned are shown in
Figure 15. In each of these tests, the forward/backward
control was set for a 0° angle, the side angle wheel control
vas adjusted to produce a maximum amplitude surface wave,
the wheel was turned through angle "A", and amplitudes

y =T-



of signals reflected from the notch were read.

Results indicate that orientations of reflectors at
a distance of 12" mst be within the following
ranges to maintain signal amplitudes within the

top 10%:
—————— - e e e A et = o e M e s ettty
Frequency Angular Tolerance
Mc of Rg_f}ector Degrees
1.0 111
2'25 i 005
L 5‘0 * 005

!
4. variable Angle Wheel Search Unit Tests were run at
1.0 Mc¢, 2.25 Mc, and 5.0 Mc to determine the effect
of search unit cable length on signal amplitudesn.

In these tests, a reflected sfgnal of 2.0" amplitude
was set up using a 6 ft. L4 in. cable attached to the
"™ jack of the reflectoscope. Cable lengths were
varied and attachments were made to either the "T" or
the "R" jacks.

Results are given in Figure 16.

Step 3 - Part B

1. Precision velocity measurements of surface wave pro-
pagation in specimen plates "A" and "G" were made at
1.0 Me, 2.25 Mc, and 5.0 Mc by the method 1llustrated .
in Figure 17. In these contact angle beam search
units and a velocity comparator, style 52B012 were
used. Results are also given in Figure 17. Inter
ferences from other modes wvas ncticed in the measure-
ment at 1.0 Mc on the 1/4" thick plate, and for this
reason the indicated value has a wide tolerance.

2. A detailed study was conducted of waves generated in
specimen material by variable angle vheels at test
frequencies of 1.0 Me, 2.25 Mc, and 5.0 Me.

Identification of the several types of waves was made by .
measurement of the incident angles required to produce them

-8-
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and of their group velocities along the specimen plates.
Incident angles corresponding to observed Side Wheel Control
Settings were taken from the graph in Figure 7. The

method used in group velocity measurement is illustrated

in Figure 13.

Phase velocities were computed by the method giwen in
Figure 19.

Shear wave and longitudinal wave transmissiog along zig-zag
paths in plates of thicker sections was recognized by the
compliance of an observed velocity to the theoretical velocity
parsllel to the plate surface as computed from the method
given in Figure 27,

Surface wave transmission was recognized by its velocity of
2.90 x 10° cm/sec. (1.1% x 10% in./sec.) as given abave,

an incident angle of 35° corresponding to Side Wheel
Control Setting of 13.80 and by the ability to damp
transmission in thicker plates from one side only by placing
one's hend along the path of the bean.

Lamb wave transmission was recognized by phase and group
velocities both agreeing with computed values for test
frequency - plate thicknesses as given in Figures 21, 22,
23, and 24. As shown by these curves, of the many modes

of lexdb wave propagation possible, only the first modes

can be generated in very thin plate. Therefore, this

node was used a8 a reference to determine the point at

which reduction of plate thickness would preclude transmigsion

of surface waves.

Results of tests are given in Figure 25. In this, the
theoretical curves for first mode group velocity and phase
velocity against plate thickness are reproduced, and observed
data are plotted for comparison. Examination of Figure

25 shows a good correlation of observed data to theoretical
values. Further examination shows that surface wave pro-
pagation can be obtained in specimen material not less

than the following thicknesses:

0.125" at 1.0 Mc
0.056" at 2.25 Me
0.a25" at 5.0 Mc

At thicknesses below these values surface waves disappear.




* =

Step 3 - Part C

1. Surface wave tests were run at 1.0 Mc, 2.25 Mc,
andé 5.0 Mc using variable angle wheel search units on
Plate "A" to determine the effects of notch depth
from the surface, and of notch #spth below the surface,
on amplitude of reflected signals.

For the surface notch tests, the search units were setup
as shown in Figure 2€ with the surface wave beam directed
toward a tapered surface notch. GCensitivity was adjusted
to produce a 2.0 inch signal from the edge of the plate
with no noteh in the beam. The search units were moved
parallel to the tapered notch and amplitude of signals
from both the notch and the edge of the plate were read.
Plots of the data obtained are given in Figure 26.

For the subsurface notch tests, plate "A" was turned over
as shown in Pigure 27. Sensitivity was adjusted to produce
a 2.0 inch signal from the notch at a position where the

' notch cut entirely through the plate. 'The search units were
moved parallel to the notch so that depth distance "D"
increased, and the amplitudes of signals reflected
from the notch were read. Plots of daeta obtained are given in
Figure 27.

2. Tests were run at 1.0 Mc, 2.25 Mc, and 5.0 Mc using variable
angle wheel search units over plate "A", "B", "D", "B",
and "G" to determine the effect of plate finish and plate
material on the propagation of surface waves.

In these tests the search units were setup to direct their
beams toward notches of various depths in plates having
notches, and toward plate edges as shown in Figure 27. Sensiti-
vity was adjusted to produce a 2.4 inch reflectiQn from the
edge of plate "A". ‘

Signal emplitude/depth of notch data for the three frequencies,
with plate condition as a parameter, are given in Figures

28 and 29. Hor-uniform sharphess of the edges of the

several plates contributed largely to the spread of vahies

at the = .250 inch points. i



3. Burface wave tests were made at 1.0 Mc, 2.25 Mc
and 5.0 Mc using variable angle wheel search units
on the concave side of contoured plate "G" as
at point "A" in Figure 6, with the beam directed toward
point “3". .
Large and very irregular signals were produced in
the screen; certain of which were identified as direct
reflections from abrupt edges formed by the contouring
of the plate. Others were identified as reverberations
bvetween such edges.

As wheel units were rolled along line CD, the positiong
of such irregular reflections changed rapidly and no
clear reference pattern was recognized for inspection
areas beyond the first abrupt break in contour.

Similar tests were run on contoured platé\“G" with the
variable angle wheel search units adgwsted to produce
shear waves in zig-zag paths through the materisl alter-
. nately reflecting from the two surfaces. Again, the
irregular geometry of the specimen caused large and very
irregular signels to be produced on the screen which
generally wers difficult to interpret. }

Step'3A - Alternate Study of Randomly Oriented Surface Defects

This step had been entered in the "Detailed Work Progrem"

5 an optional phase and had been quoted as an additional
cost study. The contract for the project did not originally
include this step; and since it was not covered by contrabt
amendment, no work was performed applying to it. ‘

Step 4 - Distance Amplitude Correction, Gating, and Recording

1. Surface wave tests were run at 1.0 Mc, 2.25 Mc, and
5.0 Mc using variable angle wheel search units on
test plate "E" to determine distance-amplitude characteristics
of surface wave transmission, and to demonstrate Distance-
Amplitude-Correction by use of a DAC module.

The method of tests and the results obtained are given
in Figures 30 and 31. 1In these, the Forward/Backward
Control was set for (°, the Side Wheel Control was set
for a peak amplitude surface wave reflection from the

. notch, distance D from centerline of the tire to the
slot was vagied, and with DAC switched OFF the signal
amplitudes were resad.

-11-



The DAC module was then switched ON and was adjusted
to produce, as closely as possible, a flat response
with distance D again varied.

Results show that the DAC module provides amplitude
correction to a tolerance of + 5% for surface wave
signals reflected from a given noteh throughout the
following distance ranges in specimen material.

Tsst Frequiency Effective Distance
Me Range Inches |
1.0 5 to 25
2.25 2 1/2 to 25
2:9 Lo 2122

T e B SRR RS S

Tests were mad: using a Transigate 5 ES5. with the
Reflectoscope and Variablz Angle Wheel Search units
at 1.0 Mc, 2.25 Mc, and 5.0 Mc, on specimen plate
"E" to deteruine whether surface wave reflections
from the notch 0.013" deep in the distance range

of 1 to 25 inches could be gated.

Resilts show that such gating can be accomplished

for each of the three Wheel Search Units. A Reflec-
togran illustrating a t;pical screen pattern is

given in PFigure 32. 1In this, the gate is set to

covar the range of 1 to 25 inches from the tire center-
line. The reflected signal from the notch 24 inches
away falls within the gate and is therefore §¥ailavle
for operation of recording amd elarm systens, whereas
the initial pulse, and the signal reflected from the end
of the plate fall outside the gate and are excluded from
recording and zlarm systems.

Tape recordings were made of surface wave signals reflected
from the 0.013" slot in plate "E" 28 the variable angle
wheel search units were rolled parsllel to the slot. In
travelling the full 12" length of the slot, the surface
wave beam wes successively transmitted across a plain
milled and sanded surface, and a milled, sanded and
Alodine surface.

A typical recording is given in Figure 32. This shows
excellent detection of the notch along its full length
with no appreciable difference in signal amplitude

for the two surface conditions.



For this test, a Transigate S50ES55". module was plugged
into the "Auxiliary" compartment of a Reflectoscope
UM-50B721, and a 3rush Recorder (Mark II, Model RD-
2522-20) was connected to Terminal #21-J-103 of the
Reflectoscope Display Unit.

k. Tests were run using the same Reflectoscope, Recorder
and Search Unit equipment as in above tests to determine
amplitude linearity of the Recorder output as referred
to the amrnplitude of a single gated signal on the Reflectoscope
screen. Such system involves, of course, the Transigate
module.

To do this, & Wheel Search Unit was set to direct a
Surface Wave toward the 0.013" notch in plate "E";

the Reflectoscope Sensitivity was adjusted to show

the reflected signal 2 inches high on the screen; and
the pen tias and sensitivity controls of the recorder
were adjusted to produce a full scale (40 Mm) pen de-
flection on tbhe tape. The wheel was then run parallel
to the slot until slightly past the end so that the
screan signal was successively reduced to 1.5, 1.0,
0.5, and J inches.

The resulting record as given in Figure 32, indlicates
very good amplitude linearity of the Transigate-
Recorder system.

Step 5 -:8ystem Layout

-~

A surface wave scanning system was designed as shown jin
Sperry Drawing 52D311 "“Proposed System for Surface Wede
Inspection”. See Figure 35.

This permits scanning of a 16 ft. by 16 ft. specimen by
automatic reciprocating carriage drive at 30 ft./min., and
manually indexing. Previous tests have shown that an indexed
increment of 2 ft. is practical for this systen.

A variable angle wheel search unit is mounted on & self-po-
sitioning carriage which follows the contour of the specimen,
Sufficient couplant is fed to the TIRE to maintain optimum
coupling.

-13-
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Instrumentation consists of the following components:
Reflectoscope UM-50B721 with Pulser/Receiver 5N
and Transigate 50E550.
Note: Pulser/Receiver 5N operates at 1.0 Mc, 2.25 Mc
and 5.0 Mc.
2nd deck - UM{10 with DAC and "8" Chassis
3¥4 deck - Single channel strip chart recorder and
system control

A rotating support member holds the specimen in place
for inspection. Orientation of scan may bg controlled
by rotation of the support member.

It is essential that the self positioning carriage
mounting & variable angle wheel search unit for sur-
face wave testing, align itself within angular toler-
ances and maintain the distance between wheel axle
and test specimen within toleraunces found in Step 3, -
Part A.

On either flat or spherical surfaces, this 18 no real
problem. However, in the case of an ellipsoidal sur-
face, the various curvatures encountered may produce
positioning errors beyond allowable tolerances.

The factors involved are illustrated in Figure 33.

A theoretical treatment of the problem for the specific
case of the ellipsoid described on MSFC Drawing J-60B12102
and two wheels of a carriage spaced 8 inches apart is given
on Figures 34 and 35. This case is taken with one wheel

at the edge of the plate (coordinates 1kli, 96.094) where
curvature is maximum, and positioning errors, as referred
to & setup on flat plate are also maximum.

Maximm errors so derived, are compared here with toler-
ances determined experimentally:
Theoretical Values Experimental Toler-

Compression of tire 0.024 inch ance 4 0.050 Inch*
Angle of tire 0.28 min. 4 0.5 degreews

* for 2.25 Mc Wheel
#* for 5.0 Mc Wheel

~14-



The theoretical values fall well within minimum experimental
tolerances.

Tests conducted inidcate that use of a search unit cable
25 feet in length, a8 required by the scanning systen,
reduces operating sensitivity below levels ootained with
a 6 ft. & in. cable length by such small amounts that
cogpensation can easily be made by increased instrument
sensitivity settings. See Figure 16. In these tests

the highest instrument sensitivity setting used was 1 x 1;
whereas a maximum setting of 10 x 10 or an increase of
100 times, is availabls.



Sperry

VI CONCLUSIONS

1. The "Proposed System for Surface Wave Inspection"” described
in Section V of this report is suitable for scanning alumi-
num plate or formed panels of smooth comtolxr approximately
16 feet by 16 feet in the thickness ranze of 0.091 to 1 inch
and contoured to approximately 33-foot spherical diameter;
or specifically the convex surface of a 3CR7, AP:{-UPPER
HEAD OXIDIZER TANK for the Saturn S-1C-T assembly. (See
MSFC Drawing J-60E12102.)

2. The time required for imspection of a 1€ £t. by 16 ft.
specimen with a surface wave beam In a single azimuth is
determined by the automatic carriage scan rate of 30 ft./
min., the indcxiang interval of 2 feet, and the period for
each indexing operation of 15 seconds.

Time per scan . . . . . 32 seconds
Number of scans . . 8
Scanning time . . . . 250
Indexing tlme . . . . 120

Total inspection time 370 seconds

Specimens smaller than this maximum size would, of course,
require shorter inspection times. TIndexing intervaels smaller
than 2 feet may be used if required. A tape record is made
of signals appearing in each scan.

3. The surface wave inspection method is very directional.
Variation in test notch orientations in the range of 4 0.5
degree reduces & reflected signal amplitude 105 below its
maximum value.

In practice, material flaws, as reflectors, are commonly
found to encompass & much wider angular range than this and
therefore are more easily detected than & machipe-cut notch.

Initial tests of & specimen should be conducted with the
"Rotating Support Member" adjusted so that the most probable
orientation of natural flaws is normal to the surface-wave
beam direction.

-16-




Surface waeves can exist in specimen materials of
the fellowing thicknesses:

not less than

[ Frequency Mc, |  Thickness Inches]

1.0 0.125
2.25 0.056
boon?® b ..0.025

Experimental surface-wave tests show that-surface features on
the side opposite the testing side seriously interrupt the
beam when material thicknesses are below the following values:

TFrequency Mc [  Thickness Inches
1.0 0.245
2.25 0.055 !
2.0 __ 0.0k

o A NEAL PRk & st S v eat s nav ot SR e s

Surface~-wave tests on specimen material indicate that signals
of sufficient amplitude for the reliable operation of a
recording system are produced by notches of the following
depths in the distance range of 2 1/2 to 25 inches.

Prequency Mc |  Depth Inches
1.0 0.027
2 . 25 0 . 007
WM?—.‘.Q.., b a4 o E .L Y ,...O’.,O_Qa___.

Only small differences were observed in the relative attenua-
tion of surface wave propagation in specimens of two materials
having five different finishes.

Equalization of testing sensitivity can easily be accomplished
for the several material conditions by small adjustments of
the Reflectoscope "Sensitivity" control.

The Distance-Amplitude-Correction (DAC) module provides ampli-
tude correction to within a tolerance of 4 5% for surface wave
signals reflected from a given test notch throughout the follow-
ing ranges in specimen material:

Frequency Mo | Distance

~ Range - Inches

SNSRI RPSIRS AP RU SRIT AU [ - e

5 to 25
21/2 to 25
2 1/2 to 25




9.

19.

A surface wave inspection method applied to the side of a speci-

men contalning many bosses, ribs, slots, or holes results in
very irregular screen patterns.

In such cases, sutomatic inspection Is limited to clear areas
large enough to accommodate the self-positioning carriage;
and further, to scanned areas between the tire of the search

unit and the first abrupt break in contour encountered by the
surface-wave beam.

In the case of specimens haviag only a few sucn interfering
surface features, autawatic inspection results can be inter-
preted by "reading out of the record” signals known to come
from these normal features.

A shear-wave inspection method applied to either side of a
specimen containing irregular surface features on one or
both sides results in irregular screen patterns.

18- f
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VII RECOMMENDATIONS

The feasibility of using an ultrasonic surface-wave gystem for the
inspection of SATURN structural components has been demoncstreted
in a series of tests on small area specimens containing controlled
similated defects.

The following steps are now recomaended:

1.

Coamplete design of the automatlic ultrasonic inspection
system illustrated in "Proposed System for Surface
Wave Inspection”, Sperry Products Drawing 52D311.

Construct the "System" in actordance with final design.
Install instrument package as described on Sperry
Products Drawing 52D311. ‘

Prepare "Rotating Support Member".
Prepare ultrasonic reference plate as shown in Figure 37.

Use completed "System for Surfece Wave Inspection" in
performing the following tests:

a) Detect and record simulated defects in tull size
specimens in static tests (automatic drive turned
off).

-

b) Detect and record similated defects in full size
specimens in dynamic tests (automatic drive turned
on).

c) Compare results of (a) and (b).

d) Detect and record natural defects in both static
and dynamic tests. Compare results.

e) Measure size of natural defects by means other than
ultrasonic. (Note: This may use a destructive
method. )

f) Establish correlation between recorded ultrasonic
signals from both natural and simulated defects
and their location and size.

g) Establish standerd of ultrasonic operating sensiti-
vity in testing through the use of a reference plate.

See Figure 37. _19-
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VIII ILLUSTRATIONS

Specimen - Plate "A" 1
Specimen - Plates "B" and "C" 2
Specimen - Plate D" 3
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Incident Angle 3tudy 2.25 Mc and 5.0 ¢ 14
Beam Direction Study 15
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Surface Finish Study - 1.0 Mc 28
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Distance-Amplitude-Correction Study - 2.25 Mc
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Gating and Recording 32
Search Unit Alignment Study 33,34,35
Proposed System for Surface Wave Inspection 36
Calibration Test Flate 37
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IX APPENDIX

Work Performed During Final Feriod

During the final period of this project, the following work
was performed: -

1. Studles made as described in Final Report; and corres-
ponding illustracion number:

a) Beam, Direction Fig. 15

b) S.U. Cable Length Fig. 16

¢) Amplitude/Depta of Hotch Flg. 26

d) Sub Surface Notch Fig. 27

e) Surface Finish Pigs. 28, 29

f) S.U. Alignment Figs. 33, 34, 35

2. System layout was completed as described in Final Report
and 1llustrated in Fig. 36.

3. Reference Test Flate was designed. See Fig. 37.
4. The Final Project Report was prepared and issued.

NASA Property o~

At the close of this project the following items, all property
of NASA, are on hand at Sperry Products, Danbury, Conn.

Quantity Description
1 Variable Angle Wheel Search Unit

Type SOB, Freg. 1.0 Mcl, Size 1/2 x 1
Style 50DW03 Serial T-1T719

1 Variable Angle Wheel Search Unit
Type SOB, Freg. 2.25 Mc., Size 1/2x 1
Style 50D340 Serial T-1723

1 - Variable Angle Wheel Search Unit
Type SOB, Freqg. 5.0 lMc., Size 1/2 x 1
Style 50D40O4 Serial T-1720

T Aluminum Specimen Plates designated
A to G and 1llustrated in Figures 1
to 6 inclusive of the Final Report
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